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Abstract. We present the results of two Beppo-SAX observations of the poor clusters SC 1327-312 and SC 1329- 
313 : these objects are located in a huge structure, formed by three ACO clusters, which is probably the remnant 
of one of the largest and best studied major mergings known. Given the fact that these poor clusters are in 
between two interacting ACO clusters, the aim of this work is to study the physics of the intracluster medium 
and to look for the possible presence of shocks. 

We derived the gas distribution profiles, the global (i.e. within 0.3 h~^ Mpc ) temperatures and abundances and 
the temperature profiles and maps for SC 1327-312 and SC 1329-313 . Also the presence of soft excess in LECS 
and hard excess in PDS have been checked. 

We do not find evidence of regions where the gas is shocked or significantly heated. The image of SC 1327-312 seems 
rather symmetric, while the gas profile of SC 1329-313 shows disturbed, "comet-like" shaped isophotes, with the 
tail pointing toward A3562 and a compression toward SC 1327-312 . 



The presence of multiphase gas in SC 1329-313 , as claimed by Hanami et al. (1999) on ASCA data, has been 
found only at the 2a confidence level. 

The lack of heating supports the hypothesis that the merging is at a late stage, after the first core-core encounter, 
when the main shock front had the time to travel to the external regions of the main clusters. 
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1. Introduction 

Cluster mergings are among the most energetic phenom- 
ena in the Universe, leading to a release of ^ io^°~^° erg 
in a time scale of the order of few Gyrs (Sarazin 2000), but 
it is not yet clear in detail in which way this kinetic energy 
is dissipated and which is its influence on the galaxy pop- 
ulation. There are some observational features that have 
been associated with the cluster merging phenomenon, like 
shocks in the hot gas, radio halos, relics and wide angle 
tail radiosources, and the presence of starburst activity 
in galaxies, although the precise theoretical description is 
not yet completely assessed. 

The main difficulty in understanding the merging phe- 
nomenon is that the available data allow only studies fo- 
cussed on single events, mainly in cases where the inter- 
vening entity has a much smaller mass with respect to the 
main cluster. Moreover, some authors limited the analysis 
to single wavelengths (in particular X-ray band): however. 



although the X-ray band is very powerful for these stud- 
ies, a multiwavelength analysis would give a more global 
view of the phenomenon. 

Another important point is the key role played by the 
large-scale environment. It has been recognized from 
cosmological simulations that rich clusters are accreting 
groups and other clusters along filaments (Colberg et al. 



1999), which determine the relative velocity and frequency 



of the impacts. Rich superclusters are places where one can 
find the most spectacular cases of such dynamical phe- 
nomena: the peculiar velocities due to the enhanced local 
density favour cluster-cluster collisions, i.e. involving en- 
tities of similar mass (hereafter "major mergings"). 
The most remarkable examples of cluster mergings are 
found in the central region of the Shapley Concentration, 
the richest supercluster of clusters within 300 h~^ 
Mpc (Zucca et al. 1993). At the center of the Shapley 
Concentration we individuated (Bardelli et al. 1994) two 
cluster structures (on scales of ~ 5 h~^ Mpc ) which 
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are cluster-cluster mergings at two different stages. The 
most massive structure (dubbed A3558 complex, Bardelli 
et al. 1994, 1998a) is probably a merging seen just after 
the first core-core encounter. The other complex, domi- 
nated by A3528, is formed by two pairs of clusters and is 
probably at the first stages of interaction (Bardelli et al. 
200l| , Baldi et al. pOOl| ). 

In this paper we present the analysis of Beppo-SAX ob- 
servations pointed on the poor clusters SC 1327-312 and 
SC 1329-313 , placed in the A3558 complex at the ex- 
pected position of the shock front. 

The plan of the paper is the following. In Sect. 2 we de- 
scribe the characteristics of the A3558 complex and in 
Sect. 3 we give details about observations and data reduc- 
tion. In Sect. 4 and 5 we present the analysis of SC 1327- 
312 and SC 1329-313 , respectively; in Sect. 6 we look 
for the possible existence of a soft excess in the Beppo- 
SAX LECS data, while the analysis of Beppo-SAX PDS 
data is given in Sect. 7. Finally, in Sect. 8 we discuss and 
summarize the results. 

2. The A3558 cluster complex 



The A3558 complex (Bardelli et al. 1994) is a chain of 
clusters almost perpendicular to the line of sight, span- 
ning ^ 7 h"^ Mpc at a redshift of ^ 0.05, and is formed 
by three ACQ clusters (A3558, A3562 and A3556) and two 
poor groups (dubbed SC 1327-312 and SC 1329-313 by 
Breen et al. 1994). This structure represents a density ex- 
cess in number of galaxies of N/N ~ 45, comprising a 
total mass in the range ~ 1 — 5 x 10^^ h~^ M© (Bardelli 



et al. 200C). A simple dynamical model shows that, with 
these characteristics, the complex is expected to be in the 
late stage of collapse. 

From the two-dimensional distribution of optical galaxies 
(Figure |l|) and a redshift survey of ^ 700 galaxies, we 
found that the external objects seem to for m an envelop e 
sourronding the cluster cores (Bardelh et al. |l994[ |l998a| ). 
Detailed substructure analysis (Bardelli et al. 1998b| ) re- 
vealed a large number of subclumps, suggesting that the 
complex is far from a relaxed state. 

Considering the X -ray b and, Bardelli et al. ( |l996| ) and 
KuU & Bohringer ( 1999|) showed that the whole chain is 
embedded in a hot gas filament. The clusters of the chain 
have been extensively studied as single entities (Bardelli et 
al. |1996|, Et tori et al. |1997[ M arkevitch et al. |l998i Hanami 
et al. 1999| , Ettori et al. 2000), finding evidences of distur- 
bance. 

Remarkable results are found also in the radio band 



(Venturi et al. 2000): comparing the bivariate radio-optical 
luminosity function of radiogalaxies in this complex with 
that of radiogalaxies in a sample of "normal" clusters 



(Ledlow & Owen 1996), we found a significant lack of ra- 
diosources. It seems that the cluster interaction "switched 
off' the central engines of the AGNs. Moreover, a relic 
of radiogalaxy has been found at the edge of a probably 
merging event between A3556 and a small er gro up, pro- 
jected along the line of sight (Venturi et al. 1995). 
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Fig. 1. Upper panel: optical galaxy isodensity contours of 
the A3558 cluster complex. The data have been smoothed 
with a Gaussian of 6 arcmin of FWHM. Circles of 1 Abell 
radius have been drawn as dashed curves around each clus- 
ter and the optical position of SC 1327-312 and SC 1329- 
313 is indicated. Lower panel: close up of the same region, 
with superimposed the Beppo-SAX fields. Concentric an- 
nuli correspond to the regions analyzed in Sect. 4.2 and 
5.2. Solid squares indicate the position of the optical 
three-dimensional substructures associated to SC 1327- 
312 (T478 on the right) and to SC 132 9-313 (T52G on 
the left), found by Bardelh et al. ( |l998b|) ; see the text for 
more details. 



In order to explain these facts, we adopted the working 
hypothesis that the A3558 complex is the remanant of a 
cluster-cluster collision seen just after the first core-core 
encounter (Bardelli et al. 1998b| ). We speculated that a 



cluster collided with A3558 and its remnants are visible as 
the overdensity regions of SC 1327-312 , SC 1329-313 and 
A3562. In this framework, A3556 would be formed by the 
members of the intervening cluster remained in the back- 
side part of the merging direction. Therefore, all galaxies 
outside A3558 would belong to the destroyed cluster and 
form the dumpiness expected from the simulations. 
Hydrodynamical simulations have shown that mergers 
usually produ ce shocks in the intracluster medium (see e.g. 
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SaxazingOOO, Roettiger et al . 1997 , Takizawa & Mineshige 



1998 , Ricker & Sarazin ^001 ): at early stages, the shocked 



region is located between the nuclei of the impacting clus- 
ters, while at later times the shocks sweep over the centers 
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and reach the outer regions. 

In order to completely understand which is the chain of 
events that created the A3558 complex and in particular 
the time scale of the merging, it is important to try to 
individuate the locus of the shock (if present) . The most 
natural place to be explored is the region between A3562 
and A3558, where the two poor clusters SC 1327-312 and 
SC 1329-313 are located. 



3. Observations and data reduction 



The clusters SC 1327-312 and SC 1329-313 were ob- 
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served by the Beppo-SAX satellite (Boella et al. 1997a ) 
in the periods 1999 December 28-30 and 2000 January 
15-18, respectively. We discuss here the data from two 
of the instruments onboard Beppo-SAX: the Medium- 
Energy Concentrator Spectrometer (MECS) and the Low- 
Energy Concentrator Spectrometer (LECS). The MECS 
(Boella et al. 1997b|) is presently composed of two units, 
working in the [1-10] keV energy range. At 6 keV, the 
energy resolution is ~ 8% and the angular r esolu tion is 
~ 0.7' (FWHM). The LECS (Parmar et al. [l997|), con- 



sists of an imaging X-ray detector, working in the [0.1- 
9] keV energy range, with 20% spectral resolution and 
0.8' (FWHM) angular resolution (both computed at 1 
keV). Standard reduction procedures and screening crite- 
ria have been adopted to produce linearized (i.e. corrected 
for intrinsic distorsion of the detector), cleaned (filtered 
to remove non-scientific event and to correct gain varia- 
tions) and equalized (in order to report the two MECS 
at the same energy scale) event files. The MECS (LECS) 
data preparation and linearization was performed using 
the Saxdas (Saxledas) package under Ftools environ- 
ment. 

We have taken into acco unt t he PSF-induced spectral dis- 
tortions (D'Acri et al. 1998 ) in the MECS analysis us- 
ing effective area files produced with the effarea program. 
All MECS spectra have been background subtracted using 
spectra extracted from blank sky event files in the same 
region of the detector as the source (see Fiore et aL |l999D . 
A detailed explanation of th e MECS analysis is given in 
De Grandi & Molendi ( ^00 ll ): in the following we'll con- 
centrate on the most important steps. As done in Ettori 
et al. ( |200C| ), for the LECS we have used two redistribu- 
tion matrices and ancillary response files, the first com- 
puted for an on-axis pointlike source and the second for 
a source with a flat brightness profile. The temperatures 
and abundances we derive in the two cases do not differ 
significantly, as the telescope vignetting in the [0.1-4.0] 
keV energy range is not strongly dependent upon energy. 
All spectral fits have been performed using XSPEC Ver. 
10.00. 

The observation log is reported in Table ^ and the field po- 
sition is shown in the lower panel of Figure The observed 
count-rates for SC 1327-312 and for SC 1329-313 for the 
2 MECS units and within the central 8 arcmin (corre- 
sponding to 0.33 h~i Mpc ) are 0.122 cts s'^ and 0.060 
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Fig. 2. MECS image of SC 1327-312 in the [2-10] keV en- 
ergy range. The data have been smoothed with a Gaussian 
of 6 pixels, corresponding to 0.8 arcmin. In this figure we 
show the X-ray contours from the central region of 8 ar- 
cmin radius, superimposed to the Digital Sky Survey. The 
solid square indicates the position of the optical group 
T478 (see the caption of Figure |l| and the text for more 
details) . 

cts s^^, respectively. For the LECS data, the count-rates 
in the same region are 0.087 and 0.045, respectively. 

4. SC 1327-312 

The cluster SC 1327-312 (azooo = 13''29"47", ^zooo = 



-31°36'29", from Bardelh et al. |1996D is located 23.6 ar- 
cmin ('^1 h^^ Mpc ) from the center of the dominant 
cluster A3558. In Figure || the isodensity contours of the 
MECS image (in the energy range [2-10] keV) are re- 
ported, after having applied a smoothing of 6 pixels, cor- 
responding to 0.8 arcmin. The X-ray emission from the 
central 8 arcmin is overplotted on the optical data taken 
from the Digital Sky Survey: the emission seems to be 
symmetric and centered on the brightest galaxy, which 
has bj = 15.6 and v = 15121 km s~^. The distribution 
of optical galaxies does not show a clear overdensity at 
the position of this group: the nearest group found by 
the three-dimensional substructure analysis of Bardelli et 
al. ( |l998b| ), dubbed T478, is ~ 5 arcmin away from the 
X-ray position, in the East direction (see lower panel of 
Figure |l| and Figure |^). This offset could be due to the 
contamination of galaxies from the nearby cluster A3558, 
which decreases the significance of the optical overdensity. 
Moreover the optical isodensity distribution in this region 
shows a dependence on t he magnitude range (see figure 
14 of Bardelli et al. 1994), another indication of possible 
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Table 1. Beppo-SAX observation log (data are referred to MECS) 



Target 


a (2000) 

h m s 


5 (2000) 

o 1 II 


date 


exp.time 

ksec 


count-rate 
cts/s 


SC 1327-312 
SC 1329-313 


13 29 47 
13 31 36 


-31 36 29 
-31 48 46 


1999 Dec 28-30 

2000 Jan 15-18 


85.1 
130.2 


0.122 
0.060 



contamination from nearby structures. 
This group appears in a ROSAT-PSPC observation 
pointed on A3558: unfortunately, is has been observed 
off-axis, where the spatial resolution is strongly degraded; 
moreover its emission is disturbed by the presence of a 
supporting rib of the detector (see Bardelli et al. 1996|) . 
For this reason, we fitted an elliptical King model (i.e. 
with two core radii, see Bardelli et al. 1996 ) directly to 
the Beppo-SAX MECS image. 

We found that the best fit within a region of 8 arcmin ra- 
dius is rci = 0.101 h-i Mpc , r^i = 0.135 h'^ Mpc and 
/3 — 0.492. Note that the core radius values correspond 
to ~ 4 times the resolution and could be considered an 
unbiassed measure. 

In order to explore the dependence of the results on 
the PSF, we deconvolved the image with a Clark Clean 
Method, finding that the parameters vary by a 5%, in the 
sense of reducing the core radii. 

The only value present in the literature is Tc = 0.17 ±0.01 



SC1337-312 



h~^ Mpc obtained by Breen et al. (1994) on Einstein-IPC 
data, fixing the slope to /3 = 0.6. With our parameters and 
using the estimated global temperature of the hot gas (see 
below), the total mass is Af(< 1 h^^ Mpc ) 2.0 x lO" 
h~^ M0, with a baryonic fraction of ^ 7% h^^'^. 
The luminosity resulted to be 3.76 x 10**^ h^^ erg in 
the [2-10] keV band and 1.77 x 10*^ h^^ ^^.g g-i ^^le 
[0.6-3] keV band. These values have been estimated within 
a distance of 0.5 h^^ Mpc from the cluster center. 
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4.1. Global temperature and abundance 

In order to find the global temperature, we extracted a 
circular region of 8 arcmin from the center of the MECS 
data in the range [2-10] keV. We fitted the spectrum with 
a mekal (Mewe et al. 1995, Kaastra |1992 ) model with an 
absorbing Galactic hydrogen column (wabs model), as im- 
plemented in the XSPEC package. After having checked 
that the fitted Galactic absorption is consistent with the 
literature measurement of 3.88 x 10^" cm~^ (Dickey & 
Lockman 1990), we fixed it to this latter value. The re- 
sults are reported in Table ||. 

In order to use all the information present in the Beppo- 
SAX observation, we added the data of the LECS instru- 
ment in the [0.6-3] keV b and. From a ROSAT-PSPC im- 
age, Bardelli et al. ( 1996 ) found that superimposed to the 
cluster image (at ~ 4.6 arcmin from the cluster center) 
there is a Kl III star (SAO 204527 or HD 117310), whose 
X-ray emission is well fitted by a Raymond-Smith model 
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Fig. 3. Spectrum and confidence ellipse of the estimated 
temperature and abundance on MECS-I-LECS data within 
8 arcmin from the center of SC 1327-312 . 



with kT =1.10 keV. This emission is likely affecting only 
the LECS energy range: for this reason we fitted the mekal 
model adding a Raymond-Smith model with kT = 1.10 
keV and abundance of 0.20. The resulting temperature is 



4.11 



+0.43 



3g keV and the abundance is 0.17_g;Qg, with a re- 



duced of 1.03 with 189 degrees of freedom. However, 
neglecting the star contribution, the results are very simi- 
lar, with a reduced of 1.05 with 192 degrees of freedom. 
Also these results are reported in Table ||. 
In Figure I we show the combined LECS-hMECS spec- 
trum of SC 1327-312 , overplotted to the fit, and the 
corresponding confidence ellipse of the temperature and 



S. Bardelli et al.: Groups in a merging structure 



5 



abundance parameters. The value of the temperature is 
in agreement with the determination of kT = 3.85 keV 
from ROSAT-PSPC (BardeUi et al. [l996|) and is con- 



sistent at 1.5 sigma with the ASCA determinations of 

kT = 3.76 ± 0.13 keV (Hanami et al. |1999D . 

Following the a — T relation of Lubin & Bahcall (1993) 
[a = 332(/eT)°-^ km s~^], the determined temperature im- 
phes a velocity dispersion of 775'^'^ km s~^, consistent 



with the value of Bardelh et al. ( 1998a ) of 691+246 km 
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4.2. MECS spatially resolved spectroscopy 

The cluster emission in the central 8 arcmin circle has 
been divided into 2' wide concentric annuli, centered on 
the X-ray emission peak. To all spectra accumulated from 
these annular regions, we have applied a single tempera- 
ture model (i.e. mekal model) absorbed for the nominal 
Galactic hydrogen column density (wabs model) to derive 
temperature and metal abundances. The adopted column 
density for SC 1327-312 is 3.88 x 10^" cm'^ (see Sect. 
4.1), and the energy range considered for the spectral fit- 
ting procedure is [2-10] keV. 

In Figure ^ we report the temperature and abundance 
profiles of SC 1327-312 in annuli around the cluster cen- 
ter. The vertical bars correspond to the 68% errors and 
the horizontal bars represent the bins used to extract the 
counts. For the last point, for which the abundance is not 
constrainted, we fixed it at the value of the global fit, i.e. 
0.17. For this reason this last abundance point is plotted 
without error bars. If we extrapolate the abundance profile 
with a linear fit (see below), we obtain the value indicated 
with the square: in the temperature plot, the square in- 
dicates the kT derived using this abundance value. These 
points were plotted in order to give a feeling of the de- 
pendence of the fitted temperature on the abundance de- 
termination. Finally, dotted lines correspond to the values 
obtained from the global fit. 

The temperature profile appears to be constant, a part a 
weak indication of a decrease in the most central bin: av- 
eraging the values of all bins we find kT — 3.88+°; keV, 
well in agreement with the global fitted temperature. On 
the contrary, the abundance seems to present a decreas- 
ing trend. In order to extrapolate the trend to the 6 — 8 
arcmin bin, we fitted the linear relation (0.33 — 0.041r). 
We have performed two-dimensional spectral analysis of 
SC 1327-312 by extracting spectra from sectors of annuli 
as shown in Figure ^: out to 4 arcmin each annulus is 2' 
wide, beyond this radius the annuli are 4' wide. This figure 
shows the MECS image of the cluster with the four sectors 
overlaid: note that the contours shown in Figure |^ corre- 
spond only to the inner part of this plot. We have tilted 
the sectors with a position angle (measured from North 
to East) of 60 degrees in order to have the North- West 
sector pointing toward A3558 and the South-East one to- 
ward SC 1329-313 . The considered energy band is again 
[2-10] keV, except for the 8' — 12' annulus. In this annulus 
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Fig. 4. Temperature and abundance radial profile of 
SC 1327-312 . The vertical bars correspond to 68% er- 
rors, while the horizontal bars represent the bins used to 
extract the counts. Dotted lines indicate the global fit val- 
ues. Squares are values obtained by fixing the abundance 
value at the linear extrapolation of the abundance profile. 



we have applied a correction for the absorption caused by 
the strongback supporting of the detector window and in 
this case the energy range is [3.5-10] keV to avoid the low 
energy part of the spectrum, where the correction for the 
strongback is less reliable. 

In Figure |^ we show the temperature profiles derived for 
SC 1327-312 from the spectral fits for each of the 4 sec- 
tors. In all profiles we have included the temperature ob- 
tained for the central circular region with radius 2'. The 
radial temperature profile for each sector stops at the last 
annulus where the source counts are more than 30% of 
the total (i.e. source plus background) counts. This is the 
reason why there are different radial extensions for the 
profiles in the four quadrants: in the outermost bins in 
the North- West and South-East sectors there is a contri- 
bution from the emission of the adjacent clusters. 
More specifically, sector North- West points toward A3558, 
a cluster at a global temperature of 5.5 keV (Markevitch 
& Vikhlinin 1997), which is about 24 arcmin away from 
SC 1327-312 (note that our measurements extend up 
to 20 arcmin from the cluster center only). Markevitch 
& Vikhlinin (1997) measured the temperature map for 
A3558 using ASCA data: they find a temperature of about 
4.0 ± 0.8 keV (90% c.l. errors) in their sector of annulus 
pointing towards SC 1327 -312 (i.e. region 9 in figure 2 
of Markevitch & Vikhlinin 1997), in agreement with the 
mean temperature we find for the three outermost bins of 
sector North- West, i.e. 4.7 ± 0.6 keV (90% c.l.). We have 
fitted the temperature in sector North- West with a con- 
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Table 2. Spectral results from a region of 8 arcmin from the center of SC 1327-312 and SC 1329-313 . Errors are 
90% confidence level. 



Object 


kT (keV) 


Abundance 


Reduced (d.o.f) 


SC 1327-312 MEGS 
SC 1327-312 LEGS+MECS 

SC 1329-313 MEGS 
SC 1329-313 LEGS+MECS 


'-'■=''-'-0.17 
4 11-I-0.43 
^■^^-0.36 

'^•^'-'-0.25 
o 40-1-0.27 
''•^''-0.24 


Q 17+0.05 
U-i 1 _o.04 

Q 1 7+0.08 

'J-J^'-o.os 

22+° " 

n 91 +0.09 
^■^J^-0.11 


1.05 (133) 
1.03 (189) 
1.02 (125) 
0.92 (181) 




13h 30m 33s 13h 29m Os 

RA (J2000) 

Fig. 5. Beppo-SAX MECS image of SC 1327-312 . 
Contour levels (thick lines) are spaced logarithmically. 
Overlapped to the contours the concentric circles and the 
cross, drawn as thinner lines, show how the cluster has 
been divided to obtain temperature maps. The position 
angle (computed from North to East) is 60°. The NW 
sector is pointing toward A3558 and the SE one toward 
SC 1329-313 . Note that the effect of the supporting struc- 
ture of the MECS entrance window (i.e. the strongback) 
has been not corrected in this images. 



slant kT model, finding a mean temperature of 4.0 ± 0.2 
with a reduced = 1-6; we find a marginal (at ~ 98% c.l. 
using the F-test) evidence of temperature increase from 
to 20 arcmin by fitting the data with a linear model. At the 
scales considered here we can exclude strong temperature 
enhancements along this direction. 



5. SC 1329-313 

The cluster SC 1329-313 (asooo 



13^31™36^ S- 



2000 — 



-31°48'46", from Breen et al. |199J) is located 27.1 ar- 
cmin (~ 1.2 h~^ Mpc ) from the center of the cluster 
A3562 and 26.3 arcmin from SC 1327-312 . In Figure 
the isodensity contours of the MECS image (in the en- 
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Fig. 6. Two-dimensional radial profile of the temperature 
of SC 1327-312 . The four panels show the results of the 
four sectors indicated in Figure |[ The vertical bars corre- 
spond to one sigma errors, while the horizontal bars rep- 
resent the bins used to extract the counts. Dotted lines 
indicate the global fit values. 



ergy range [2-10] keV) are reported, after having applied 
a smoothing of 6 pixels, corresponding to 0.8 arcmin. The 
emission from the central 8 arcmin is overplotted to the 
Digital Sky Survey optical image. 

The isodensity contours of SC 1329-313 appear elongated 
with a tail pointing toward A3562. The brightest galaxy 
{bj = 15.6 and v — 12928 km s~^) appears hosting a 
double nucleus. Fitting an elliptical King model, we find 
rci = 0.146 h-i Mpc , = 0.185 h'^ Mpc and 
(3 — 0.499. We find also an excess of emission at ~ 1.7 
arcmin from the fitted center, roughly in correspondence 
of the brightest galaxy. 

Also in this case, the Clark Clean Method deconvolu- 
tion of the image leads to neglegible variations of fitted 
parameters. Using these values and the global temper- 
ature (see below), we estimate a mass of M(< 1 h~^ 
Mpc ) ^ 5.7 X lO^"' h^^ M0, with a gas mass fraction of 
~ 8% h-i-5. 
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Fig. 7. MECS image of SC1329-313 in the [2-10] keV en- 
ergy range. The data have been smoothed with a Gaussian 
of 6 pixels, corresponding to 0.8 armin. In this figure we 
show the X-ray contours from the central region of 8 ar- 
cmin radius, superimposed to the Digital Sky Survey. 




The [2-10] keV luminosity is 2.36 x lO''^ h'^ erg s'^ and 
the emission in the [0.6-3] keV band is 1.17 x lO'*'^ h~^ erg 
s~^ within 0.5 h~^ Mpc from the center. 



5.1. Global temperature and abundance 

The global results from the region of 8 arcmin radius are 
kT = 3.49l[!:2l keV and an abundance of 0.2li;];??, with 
a reduced of 0.92 with 181 degrees of freedom. We 
fixed the hydrogen column to 3.98 x 10^" cm^^ (Dickey 
& Lockman 1990| ), after having checked that it is con- 
sistent with the fitted value. Note that the addition of 
the LEGS dataset does not significantly modify the tem- 
perature determination. The results are reported in Table 
^. The derived temperature is significantly lower (at 3.3 
sigma) than the AS GA d etermination of kT = 4.2ll°:23 
keV (Hanami et al. 199!;): it is unclear which can be the 
origin of this discrepancy, given the fact that generally 
Beppo-SAX and ASCA results for global temperatures of 
clusters are in agreement (De Grandi & Molendi 2002). 
In Figure ^ we show the LECS-I-MECS spectrum of 
SG 1329-313 , with overplotted the best fit, and the corre- 
sponding confidence ellipse for the temperature and abun- 
dance parameters. 



The implied velocity dispersion is 702^^g km s ^. From 



3.4 3,6 
Temperature (keV) 



Fig. 8. Spectrum and confidence ellipse of the estimated 
temperature and abundance on MEGS-I-LEGS data within 
8 arcmin from the center of SG 1329-313 . 
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Fig. 9. Temperature radial profile of SG 1329-313 . The 
vertical bars correspond to 68% errors, while the hori- 
zontal bars represent the bins used to extract the counts. 
Dotted line corresponds to the global fit. 



the substructure analysis of Bardelli et al. ( 1998b ) it ap- 
peared that this cluster has a bimodal velocity distribu- 
tion, with the two peaks separated by ^ 1500 km s^^ 
((ii) = 13280 and 14960 km s~^) and superimposed along ward. The velocity dispersions are 482^49 km s-i and 



the line of sight. It is difficult to determine which sub- 
clump is associated with this diffuse emission. The optical 
substructures have centers offset by ~ 9 arcmin (the far- 
thest, T496) and ^ 6 arcmin (the nearest, T520) west- 
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537^-% km s~^, respectively, lower than the predicted one 
of 2.2 and 1.6 a. However, considering that the brightest 
galaxies nearby the X-ray emission are at ~ 13000 km 
s~^, the group responsible for the emission is presumably 
T520; its position is shown in the lower panel of Figure |l|. 

5.2. MECS spatially resolved spectroscopy 

For this cluster wc have used the same spatial binning for 
the concentric annuli and the same energy bands as for 
SC 1327-312 (see Sect. 4.2). Given the low statistics of 
counts, the abundance is not constrained: for this reason 
we choose to fix it to the global value (i.e. 0.22) for all bins. 
In Figure ^, the radial temperature profile of SC 1329- 
313 is shown. A very marginal indication of temperature 
increase seems to be present. 

In Figure H we plot the MECS image of SC 1329-313 with 
overlaid thefour sectors used for the two-dimensional spec- 
tral analysis: again the contours shown in Figure]^ corre- 
spond only to the inner part of this plot. The position 
angle in this case is degrees, with the North- West sec- 
tor pointing towards SC 1327-312 and the North-East one 
towards A3562. Again, in the sectors where there is a con- 
tribution from the emission of nearby objects, it is possible 
to extend the analysis up to 20 arcmin. 
In Figure ^ we show the temperature profiles derived for 
SC 1329-313 from the spectral fits for each of the 4 sectors. 
In all profiles we have included the temperature obtained 
for the central circular region with radius 2'. 
We have fitted the temperature profile of sector North- 
West with a constant model, finding a mean temperature 
of 3.4±0.2 keV; the temperature enhancements in the sec- 
ond (2-4 arcmin) e third (4-8 arcmin) bins are statistically 
significant at less than l.5a. 

In sector North-East we find X-ray emission from the 
cluster A3562 which is located at about 2 7 arcm in from 
the center of SC 1327-312 . Ettori et al. (|2000D studied 
the temperature map of A3562, finding a temperature of 
3.9lj!|'g keV in the annulus 8-16 arcmin in the sector to- 
ward SC 1327-312 (sector West in figure 9 of Ettori et 
al.). This temperature is in agreement with our result in 
annulus 12-20 arcmin (i.e. 3.5 ± 0.3 keV), which is the re- 
gion where the two cluster emissions are overlapping each 
others. 

It appears that the increase of temperature is mainly due 
to the second and third bin of the NW sector (with tem- 
peratures of ~ 4.5 keV). This could be an indication of the 
presence of heating of gas, which added to the elongation 
of the isophotes to the other side of SC 1329-313 , are 
signs of interaction between this group and SC 1327-312 . 
Finally, given the proximity of the Beppo-SAX observa- 
tions of the two poor clusters, the last three bins of the SE 
sector of SC 1327-312 correspond with great overlap to the 
last three bins of the NW sector of SC 1329-313 (see lower 
panel of Figure |l|) . Given the fact that the two observa- 
tions are statistically independent, this is an opportunity 
to test how robust are the temperature determinations at 




13h 32m 14s 13h 30m 40s 

RA (.J2000) 

Fig. 10. Same as Figure | for SC 1329-313 . The posi- 
tion angle of the grid is zero. In this case the NW sector 
is pointing toward SC 1327-312 and the NE one toward 
A3562. 

large radii. In Figure we plotted as squares the temper- 
ature determinations of SC 1327-312 in the corresponding 
bins, with a small offset on the X axis for clarity. In all 
bins, the two temperature estimates are very well consis- 
tent with each other. 

5.3. The problem of the discrepant redshift 

Hanami et al. (|l999|) , fitting the redshift from the ASCA 
CIS and SIS spectrum of SC 1329-313 , reported that the 
resulting value in not consistent with the optical value, 
being zx < 0.031. They found that this discrepancy is 
essentially due to the fact that the ccntroid of the iron 
Ka line is more consistent with H-likc rather than He-like 
ionization. This result permitted the authors to suppose 
the presence also of gas at significantly higher tempera- 
ture (fcT - 15 keV). 

We fitted the 8 arcmin region by fixing all the parame- 
ters but the temperature, the redshift and the normaliza- 
tion, finding zju = 0.031 with a 90% interval covering the 
range [0.019-0.049]. The result does not change by fixing 
the temperature. However, we have to take into account a 
systematic shift of —40 eV in the channel-to-energy con- 
version (Fiore, private communication) , resulting in a red- 
shift shift of -1-0.006. Note that, within the uncertaintes 
and this systematic shift, the Zfn value is consistent with 
the mean redshift of both optical substructures (i.e. 0.044 
and 0.049). The result does not change by using data in a 
smaller region of 5 arcmin radius. 

As a further test, we fitted the spectrum with a 
bremsstrahlung-f Gaussian model, in order to determine 



S. Bardelli et al.: Groups in a merging structure 



9 



6 
4 
2 
6 
4 
2 



H 6 




is confined in the single clusters: in fact it could be due 
to a diffuse, cold component (a filament) that we know 
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Fig. 11. Two-dimensional radial profile of the tempera- 
ture of SC 1329-313 The four panels show the results 
of the four sectors indicated in Figure |l^. The vertical 
bars correspond to one sigma errors, while the horizontal 
bars represent the bins used to extract the counts. Dotted 
lines indicate the global fit values. Open squares in the 
last bins of the NW sector indicate the temperature es- 
timated from the corresponding bins in the SE sector of 
SC 1327-312 (see text for details). 

the centroid of the line, finding E — 6.50 keV with a 
90% range of [6.38-6.63] keV: this result is at the bor- 
der of consistency with the expected value of 6.37 keV. 
Considering the correction of the —40 eV on the channel- 
to-energy systematic offset, we found that the discrepancy 
is no more than 2cr of significance. As a check, we repeated 
this analysis also for SC 1327-312 : the resulting centroid 
is E = 6.37 keV with a 90% range of [6.26-6.49] keV. 
In conclusion, the evidence of presence of hotter gas in 
our data is weak, even if in the same direction of that 
found by Hanami et al. ( |1999D , and a conclusive analy- 
sis will be possible only with the spectral capability of 
XMM-Newton. 

6. LEGS data 



Recently. Bonamente et al. (2001) claimed the detection in 
Beppo-SAX and ROSAT-PSPC data of a soft (at E - 0.25 
keV) excess in the clusters A3562, A3558, A3560 and 
A3571. The first two clusters are part of the A3558 com- 
plex, while A3560 is - 3.1 h'^ Mpc away from SC 1329- 
313 and - 4.1 h^^ Mpc from SC 1327-312 and there- 
fore could be interacting with the structure. Moreover 
A3571 is part of another cluster complex of the Shapley 
Concentration. 

In principle there are no indications that this soft excess 



to exist between A3558 and A3562 (Bardelli et al. 1996 
KuU & Bohringer 1999| ). In order to check the possible 



existence of a soft excess in our LECS data, we restricted 
the analysis in the [0.2 — 0.4] keV band, considering the 
central region of 8 arcmin radius. 

We find that the excesses in this band, with respect to the 
counts expected from the best fit spectrum, are 0.5 and 
2.13 a for SC 1327-312 and SC 1329-313 , respectively. 
Considering that the values of a are determined only by 
the counts statistics and not by the uncertaintes on the 
fit and on the calibration, we conclude that no significant 
excess is pre sent in our data. Moreover, note that in Ettori 
et al. ( 2000 ), where a Beppo-SAX observation of A3562 
was analyzed, we have not found the excess reported by 
Bonamente et al. (2001). 



7. PDS data 

There are evidences of the presence of hard X-ray ex- 
cesses over a simple bremsstrahlung model in some galaxy 
clusters which present some degree of merging (see Fusco- 
Femiano 2000 ) . This hard energy tails have been detected 
for the first time by the PDS instrument on board of 
Beppo-SAX satellite. 

It is not clear which is the exact mechanism which accel- 
erates the electrons and whether it is related with merging 
alone or if it requires some additional parameters (as, for 
instance, a preexisting radiosource or a gas temperature 
hotter that 6-7 keV). 

For this reason it is worthwhile to look if an hard tail is 
present in our data. Following the data reduction cook- 
book, the main problems come from the variable back- 
ground of energetic particles, which has to be subtracted. 
There are basically two methods to do this rejection, i.e. 
the Fixed Rise Time threshold and the Variable Rise Time 
threshold. We checked that the counts resulting after the 
application of the two methods are consistent each other 
and give the same results. By imposing to the PDS data 
a mekal model with the same parameters fitted in the 
MECS alone, we find a significant excess in both SC 1327- 
312 and SC 1329-313 observations, in particular between 
15 and 30 keV. We found 6.59 ±2.51 x 10"^ ^ts s"! against 
the 0.20 X 10^^ cts s~^ predicted by the mekal model 
for SC 1327-312 and 5.34 ± 2.07 x 10"^ cts s'^ (against 
0.68 x 10-3 cts s-i) for SC 1329-313 . The excess flux in 
the two observations is consistent within the errors to be 
the same in the two exposures. The fit does not improve 
by adding a power law, which gives a formal slope 3. 
The spectral shape of this excess is inconsistent with the 
hypothesis of a cluster hard tail and indicates the presence 
of a contamination source. The problem in identifying the 
origin of this bump arises from the huge field of view of the 
PDS, i.e. 1°.3; our two exposures cover large part of the 
A3558 complex. For this reason, added to the fact that this 
region of the sky is poorly sampled by large X-ray surveys, 
it is difficult to find the possible responsible for this ex- 
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Fig. 12. PDS+MECS spectrum of SC 1327-312 (upper 
panel) and SC 1329-313 (lower panel). 



cess. After having checked in the literature, we found as a 
tentative candidate a QSO at z = 1.335 (Drinkwater et al. 
199^ , Venturi et al. [200^ ), located at asooo = 13'*30"19" 
and (52000 = — 31°22'59", i.e. North-East with respect to 
the position of SC 1327-312 . This source was previously 
known as PiirS'1327— 311 and presents a radio spectrum of 
steepness afi^m = -1-1 3 (with total flux of S22cm = 421.7 
mJy, Venturi et al. 2000|) . This source is in the field of view 
of the R OSAT-PSPC observation of A3558 of Bardelh et 
al. |1996| with a [0.5 - 2.0] flux of 16.2 x lO^i"* 



erg cm 



Finally, considering the response function of the PDS 
instrument, the count-rate ratio between the SC 1327- 
312 and the SC 1329-313 observations is consistent with 
having been originated by this source. In fact, the observed 
ratio is 1.23±0.67, to be compared with the expected value 
of 1.32. 

8. Discussion and conclusions 

The aim of this work has been the study of two blobs 
of hot gas (SC 1327-312 and SC 1329-313 ) positioned 
between A3558 and A3562, two ACO clusters in an ous- 



tanding phase of major merging. These clusters (together 
with A3556) form the A3558 complex, a structure with a 
linear dimension of ^ 7 h~^ Mpc at a redshift of ^ 0.05. 
The relative center-to-center distance between A3562 and 
A3558 is ~ 3 h"! Mpc . 

The indication of ongoing merging comes both from the 
optical and from the X-ray band. From the optical band, 
the envelope of galaxies sorrounding the clusters cores 
(visible in Figure |l|; see also figure 2 of Bardelli et al. 1998a 
for the wedge diagram of the redshift sample) suggests 
that the galaxies from outer parts of A3562 and A3558 
have been shared by the dynamical interaction. Also by 
studying the dynami cs of the structure using redshi ft sur- 
vey, Bardelli et al. ( |2000[ ) and Reisenegger et al. ( |2000|) 
concluded that the A3558 complex is at the late collapse 
phase. Moreover, the pres ence of a large number of subcon- 
densations (Bardelli et al. 1998b|) reveals that the complex 
is far from the relaxation. 

From the X-r ay, b oth Bardelli et al. ( |1996[ ) and KuU 
& Bohringer ( |l999| ) detected diffuse emission extending 
along the whole A3558 complex, in the same way of the 
optical galaxies. Moreover, Markevitch & Vikhlinin (1997) 
found regions of hotter gas with respect to the A3558 av- 
erage temperature in the direction of SC 1327-312 , while 
Ettori et al. (2000) detected diffuse gas outside A3562, on 
the opposite side with respect to the A3558 direction. This 
picture is consistent with the results of numerical simula- 
tions of merging clusters. 

In order to study the role of SC 1327-312 and SC 1329- 
313 in this merging picture, we analyzed two Beppo-SAX 
observations pointed on the centers of these two poor clus- 
ters. The MFCS image of SC 1327-312 seems rather sym- 
metric and centered on the dominant galaxy. On the con- 
trary, the emission of SC 1329-313 has a "comet-like" 
shape: we detected a significant excess of X-ray emis- 
sion corresponding to the position of the brightest galaxy 
(which appears to be double) and a tail pointing eastward. 
In both poor clusters, it is visible the presence of diffuse 
emission (see Figures I and arising from the filament 
connecting the clusters of the A3558 complex. Moreover, 
in SC 1327-312 and SC 1329-313 images a contribution 
from the X-ray emission of A3558 and A3562, respectively, 
can be detected. These components are bright enough to 
allow a temperature estimate up to a distance of 20 ar- 
cmin from the frame center. Finally, possible indications 
of disturbance come from the displacement between the 
positions of the X-ray peaks and the optical substructure 
centroids in both objects. 

We estimated the "global" (i.e. within 8 arcmin, corre- 
sponding to 0.3 h~^ Mpc ) temperatures and abun- 
dances for the two clusters using both MECS and LECS 
instruments. We find 4.11 keV and 0.17 for SC 1327- 
312 and 3.43 keV and 0.21 for SC 1329-313 . These values 
are consistent with those expected from the velocity dis- 
persions of the co rrespon ding optical substructures found 
in Bardelh et al. ( |l998b|) . 

As a further step, we performed a spatially resolved spec- 
troscopy with the use of the MECS instrument. The tem- 
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perature profiles are not very different from an isothermal 
distribution of the hot e; part from the fact that the 
most internal bins in the two clusters are always colder 
than the others. Then, we estimated the temperatures as 
a function of the distance from the center dividing the im- 
ages in four sectors of 90°. We rotated the grids in order 
to have a sector of SC 1327-312 pointing toward A3558 
and another toward SC 1329-313 and a sector of SC 1329- 
313 pointing toward A3562 and another toward SC 1327- 
312 . 

We found a good agreement between the temperatures de- 
rived in the overlapping regions of the two pointings and 
in the regions at the edge with A3558 and A3562, where 
literature estimates are available. This confirms the good- 
ness and reproducibility of the analysis of MECS images 
in the most external regions, i.e. up to 20 arcmin. 
We did not find evidence of the existence of a shock front 
inside the poor clusters, a part from a weak indication that 
in SC 1329-313 the temperatures in the bins between 2 
and 8 arcmin in the NW sector seem to be higher than 
the corresponding ones in the other sectors. There ap- 
pears to be a temperature increase also in most external 
part of SC 1327-312 in the sector pointing toward A3558: 
however, this increase is consistent with the hot region in 
A3558 found by Markevitch & Vikhlinin ( |1997D . 
An excess in the PDS energy range has been detected, but 
it resulted to be unrelated with the cluster emission and 
due to a contaminating source. Moreover, analysing the 
LECS data, we did not find a significant soft excess with 
respect to a single thermal bremsstrahalung. 
Finally, the presence of multiphase gas in SC 1329-313 , 
as claimed by Hanami et al. (1999) on ASCA data, has 



been found only at the 2cr confidence level. 
In conclusion, we did not find evidence of the pres- 
ence of shock-heated gas in these two poor clusters. 
Only SC 1329-313 presents in its distorted isophotes 
sign of disturbance of the hot gas: the gas profile of 
SC 1329-313 shows "comet-like" shaped isophotes, with 
the tail pointing toward A3562 and a compression toward 
SC 1327-312 . 

This is an indication that reinforces our work hypothe- 
sis: the A3558 complex is a remnant of a major merging 
seen after the first core-core encounter. In the numeri- 
cal simulations of mergers (see for example Sarazin |2000D , 
the shock is created between two clusters before the first 
collision. After the core-core encounter, the shock trav- 
els toward the external regions of the clusters, where it 
will be dissipated. The A3558 complex is therefore an im- 
portant opportunity for studying evolved mergings and 
the new generation X-ray instruments (XMM-Newton and 
Chandra) will be helpful in order to give a complete pic- 
ture of this phenomenon. 
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